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研究表明，载脂蛋白 A-I（apoA-I）模拟肽 D-4F 展现出许多与高密度脂蛋白
（HDL）相似的内皮保护功能。但是，目前并不清楚 D-4F 的内皮保护机制是否




路。HDL 或 D-4F 的处理均能够改善 ox-LDL 诱导的迁移抑制、氧化应激和糖酵
解异常。并且，HDL 还能够部分改善 ox-LDL 扰乱的甘油磷脂代谢。而 D-4F 并
不能改善被扰乱的甘油磷脂代谢。这些结果说明，D-4F 并不能完全替代 HDL 发
挥内皮保护作用。这项研究为发展 D-4F 的临床应用提供了一定的理论基础。 
造影剂在使用过程中，会损伤内皮细胞，进而引发器官特异性和全身性的副
反应。但是截止目前，造影剂损伤内皮细胞的分子机制还未具体阐明。在本项研
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Abstract 
Cell metabolomics is being used to reveal comprehensive and dynamic metabolic 
alterations in cells, which integrates high throughput detection technology and several 
data analysis methods. It plays a vital role in drug research. In this thesis, we 
conducted nuclear magnetic resonance (NMR)-based cell metabolomic analysis to 
elucidate the molecular mechanisms underlying the effects of drugs on endothelial 
cell metabolisms.  
Previous works have demonstrated that the apoA-I mimetic peptide, D-4F, 
exhibited numerous endothelial protective effects similarly to high-density lipoprotein 
(HDL). However, it is still elusive whether the endothelial protection mechanism of 
D-4F is exactly the same as that of HDL. Hence, we performed 
1
H NMR-based 
metabolomic analysis to compare the protective effects of HDL and D-4F against 
oxidized low-density lipoprotein (ox-LDL)-triggered endothelial cell dysfunction. We 
found that ox-LDL not only induced inhibitory migration of endothelial cells, but also 
leaded to metabolic disturbance, mainly embodied in perturbing glycolysis, 
glycerophospholipid metabolism and metabolic pathways related to oxidative stress. 
Treatment with eitehr HDL or D-4F ameliorated migration inhibition, oxidative stress 
and glycolysis abnormality impaired by ox-LDL. Moreover, ox-LDL-perturbed 
glycerophospholipid metabolism could be partly attenuated by HDL rather than D-4F. 
These results suggested that D-4F could not completely substitute HDL to exert the 
identical endothelial protective effect. This work provides a theoretical basis for 
developing the clinical application of D-4F.  
The use of contrast media can damage endothelial cells, leading to organ-specific 
and general side effects. But so far, the molecular mechanism underlying the injury 
effects of constrast media on endothelial cells has not been well-understood. In this 
work, we performed 
1
H NMR-based metabolomic analysis to address the metabolic 
changes in endothelial cells exposed to two kinds of contrast media with two doses. 
The results displayed that both contrast media exerted significant influences on the 
metabolic profiles of endothelial cells, and resulted in metabolic disorder via similar 
molecular mechanisms. We found that oxidative stress might be one of the main 













  IX 
activated the antioxidant system of endothelial cells, promoted the biosynthesis of 
glutathione, and consumed a large amount of glutathione. Additionally, contrast media 
caused glycolysis abnormality, promoted TCA cycle anaplerotic flux, and suppressed 
choline metabolism. These results revealed contrast media-induced endothelial cell 
dysfunction from the perspective of metabolomics, which may be helpful for further 
exploring the pathogenesis of contrast media-triggered side effects. 
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机制。Shao 等利用基于 UPLC/Q-TOF MS 技术的代谢组学方法，发现 flavopiridol
（一种具有抗肿瘤活性的黄酮类衍生物）能诱导 MCF-7 乳腺癌细胞的氧化应激
和细胞周期阻滞，从而发挥抗增殖的作用[19]。Lefort 等采用基于 NMR 技术的代
谢组学方法，研究两种药物（二氯乙酸和别嘌呤醇）对正常乳腺细胞（MCF-10A）






























皮细胞（Human Hmbilical Vein Endothelial Cells，HUVECs，简称内皮细胞）代
谢相关的药物研究：（1）高密度脂蛋白（HDL）和载脂蛋白 A-I（apoA-I）模拟




[1] Nicholson J K, Lindon J C, Holmes E. 'Metabonomics': understanding the 
metabolic responses of living systems to pathophysiological stimuli via multivariate 
statistical analysis of biological NMR spectroscopic data [J]. Xenobiotica, 1999, 
29(11): 1181-1189. 
[2] Nicholson J K, Everett J R, Lindon J C. Longitudinal pharmacometabonomics for 
predicting patient responses to therapy: drug metabolism, toxicity and efficacy [J]. 
Expert Opinion on Drug Metabolism & Toxicology, 2012, 8(2): 135-139. 
[3] Nicholson J K, Wilson I D. Understanding 'global' systems biology: 
metabonomics and the continuum of metabolism [J]. Nature Reviews Drug Discovery, 
2003, 2(8): 668-676. 
[4] Bourne R, Himmelreich U, Sharma A, et al. Identification of Enterococcus, 
Streptococcus, and Staphylococcus by multivariate analysis of proton magnetic 
resonance spectroscopic data from plate cultures [J]. Journal of Clinical Microbiology, 
2001, 39(8): 2916-2923. 
[5] Taylor J, King R D, Altmann T, et al. Application of metabolomics to plant 
genotype discrimination using statistics and machine learning [J]. Bioinformatics, 
2002, 18(suppl_2): S241-S248. 
[6] Lao Y M, Jiang J G, Yan L. Application of metabonomic analytical techniques in 
the modernization and toxicology research of traditional Chinese medicine [J]. British 
Journal of Pharmacology, 2009, 157(7): 1128-1141. 
[7] Khoo S H, Al-Rubeai M. Metabolomics as a complementary tool in cell culture 
[J]. Biotechnology and Applied Biochemistry, 2007, 47(2): 71-84. 
[8] Fei F, Bowdish D M, McCarry B E. Comprehensive and simultaneous coverage 
of lipid and polar metabolites for endogenous cellular metabolomics using 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
